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Abstract 
Hydrogenated silicon oxynitride (SiON:H) could be used as a passivation layer, especially on the back side of the cell. In this 
work, it were deposited on crystalline silicon substrates by medium frequency magnetron sputtering from Ar+N2+H2O, 
Ar+NH3+H2O, gas mixtures with changed the operation current. The SiON:H layer was characterized by n&k measurements, 
Fourier Transformed Infrared Spectroscopy (FTIR) to determine film thickness and refractive index, Si-O, Si-H and N-H peak 
position. Minority carrier lifetimes were measured by the microwave photoconductance decay method (ȝ-PCD) before and after 
thermal annealing. It has been found that the method was possible to modify the refractive index (from 1.46 to 1.64) and increase 
the Minority carrier lifetimes after annealing at temperatures of 40ć, but decrease after annealing at temperatures of 600ć. 
PACS: 81.65.Rv; 81.15.Cd 
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1. Introduction 
Hydrogenated silicon oxynitride (SiOxNy:H abbreviated SiON:H afterward) has a good optical properties for 
antireflective thin film: low absorbance and adjustable refractive index between 1.45 and 2.0 [1]. In optoelectronics 
industry, it is suitable for optoelectronic devices such as waveguides, and has become a standard [2]. In photovoltaic 
industry, it can be used as antireflection multi-layer in combination with hydrogenated silicon nitride. Not only that, 
but the passivation effect of SiON:H is also very promising for solar cell rear surface and could replace the actual 
aluminium back surface field [3]. Now most of the SiON:H films are prepared by PECVD, and have more in-depth 
studies. But the technique of PECVD deposition has several drawbacks, such as the use of explosive gas, high costs 
of the reactors and short service cycles [4]. In this work, we try to obtain SiON:H by medium frequency magnetron 
sputtering with non-explosive gas, and characterization of the properties of the thin films. 
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2. Experimental 
SiON:H thin film have been obtained by medium frequency magnetron sputtering in different Ar+N2+H2O and 
Ar+NH3+H2O mixtures (H2O is contained in the N2 and NH3) by varying the operation current from 0.5 to 1.3.  For 
ease of expression, the 10 sample were symbol by A0.5, A0.7, A0.9, A1.1, A1.3 and B0.5, B0.7, B0.9, B1.1, 
B1.3( “A” and “B” representative of reactive gas are N2 and NH3, the number represent the operation current, 
respectively.). The N2/Ar+N2 and NH3/Ar+NH3 radios were 0.5. The deposition was made at room temperature with 
a pressure of 1.0 Pa in 1 hour. The deposition system was made by SDY Technology Development Co., Ltd. 
Chinese Academy of Sciences and its parameters could be seen in the company’s homepage. The target was 
crystalline silicon (99.99%). The layers subjected to further studies were deposited on the substrates of two types: on 
p-type Si(100) wafer which textured by normal Industrial method—for FTIR and minority carrier measurements and 
polished p-type Si(100) wafer—for optical analysis. After the deposition, the samples were subjected to a 30min 
thermal anneal in nitrogen ambient at 40ć and 60ć. 
In order to characterize the change of composition by changing the operation current and annealing temperature, 
the chemical bond of the samples was measured by TENSOR 27 Fourier Transformed Infrared Spectroscopy (FTIR) 
which was produced by the German company Bruker at first. Then the n&k measurement was performed on the 
samples to obtain the thickness and the refractive index of SiON:H thin film. The n&k measurement was composed 
of three parts: spectrophotometer, computer and simulation software and calculated the thickness and refractive 
index of thin film by measuring the reflectivity of the sample (wavelength of 633nm). The Minority carrier lifetimes 
of samples were measured before and after deposition and annealing by WT-2000 carrier lifetimes tester which 
produced by Semilab company. 
3. Result and discussion 
3.1 Fourier transforms infrared spectroscopy 
Fourier transform infrared spectroscopy of SiON:H film as-deposited are shown in fig.1 and fig.2. From fig.1 and 
fig.2 there are 5 main peaks which localized at 850cm-1, 1050cm-1, 1200cm-1, 2200cm-1 and 3350cm-1. The peaks 
of 1050cm-1 and 1200cm-1 may be correspond to tow kind of Si-O in different chemical structures and the peaks of 
850cm-1, 2200cm-1 and 3350cm-1 are correspond to Si-N, Si-H and N-H [5,6]. For series A, going from A0.5 to 
A1.3 the intensity of N-H peak was increased. It means that the radio of elements of N and H is increased in the 
SiON:H film with the increase of operation current. The Si-H peak appear when I equal to or bigger than 1.1A. For 
series B, the intensity of N-H peak is also increased from B0.5 to B1.3, but the N-H peak width of series B is 
narrower than series A, it is because the N-H peak of series A contains O-H peak which localized at 3500cm-1[3]. 
The significant Si-H peak appear when I equal to or bigger than 0.9A. 
        
Fig.1. FTIR spectra of SiON:H film of series A for as-deposited               Fig.2. FTIR spectra of SiON:H film of series B for as-deposited 
After the thermal annealing, the FTIR spectroscopy is show in fig.3. Because no significant change is observed 
on Si-N and Si-O peak and all sample is almost same, the FTIR spectroscopy just show the Si-H and N-H peak of 
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as-deposited, annealing in 40ć and 600ć in I=1.3A with reactive gas of N2. When the anneal temperature is 
increate, the intensity of N-H peak is decrease and Si-H peak is increate. It means that with the increate in 
annealtemperature, some N-H bond is changed to Si-H bond. 
 
Fig.3. FTIR spectra of SiON:H film of A1.3 after annealing at 400ć and 60ć. 
 
Fig.4. Evolution of refractive index (at 633nm) for SiON:H film of series A and B according to the operation current. 
3.2 Optical measurements 
Refractive indexes of the different SiON:H film which deposition in varying operation current with different 
reactive gas were measured by n&k measurement at 633nm wavelength. The refractive indexes of the different 
SiON:H layers are presented in fig.5. For the series A, their refractive index increases with the operation current 
increases from 1.46 to 1.72. Compared with the series A, the refractive index of series B have the same trend with 
the operation current increases from 1.54 to 1.64, but the rate of increase is lower. From the result of FTIR, we can 
see that with the increase of N elements to increase the refractive index of films. 
 
Fig.5. The minority carrier lifetime change radio as function of operation current for sample as-deposited. 
3.3 Minority carrier lifetime measurements 
In order to compare the effect of various processing, the minority carrier lifetime change radio is defined as “ǻĲ”: 
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Ĳ is the minority carrier lifetime after processing, Ĳ0 is the minority carrier lifetime of the original silicon. 
The change radios of as deposition are show in fig.6. The Ĳ of silicon wafers are decrease except the sample A0.5. 
This is because medium frequency magnetron sputtering on the substrate has great damage. From the fig.6, the “ǻĲ” 
of series A are generally lower than series B except A1.3. This may be due to the need reaction energy of N2 is large 
than NH3, and the molecules which reach the substrate of series A have lower energy than series B, so the damage 
of A0.5 is minimize. 
The changes radios of after annealing are show in fig.6. For series A, the lower operation current raise the 
minority carrier lifetime greater after 40ć annealing, of which the best A0.5 increase 75% and the worst A1.3 
don’t increase compare to as-deposited. But they all decrease after 600ć annealing; in particular the minority 
carrier lifetime of A0.5 is lower than as-deposited. According to the result in front of FTIR and optical 
measurements, they show that the content of Si-O bond higher and refract index lower the surface passivation of 
film is better, and Si-H bond content has little to do with the passivation effect in the silicon wafer of large surface 
damage. For series B, it has not very clear trend with refract index and have more stable ǻ compare to series A after 
400ć annealing. This is because the samples of series B have a similar structure with refract index from 1.54 to 
1.64. After 600ć annealing, they also have great decrease. 
 
Fig.6. The minority carrier lifetime change radio as function of operation current for sample annealed at 40ć and 600ć. 
4. Conclusions 
In this work, we try to use medium frequency magnetron sputtering to deposition SiON:H film by varying 
operation current and reactive gas for crystalline silicon surface passivation. There are three main conclusions have 
been obtained:  
(1)The SiON:H thin film of refract index from 1.46 to 1.72 can be obtained by medium frequency magnetron 
sputtering with varying operation current from 0.5A to 1.3A, but it would cause a great surface damage. 
(2)The SiON:H thin film have a good passivation effect after 400oC annealing in particular the films which 
contain more Si-O bond, but the minority carrier lifetime of samples all decrease after 600oC annealing. 
(3)When the silicon wafer have lager surface damage, the Si-H bond content of SiON thin film has little to do 
with passivation effect. 
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